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THE SC 4020 HIGH SPEED CRT RECORDER

The SC 4020 Computer Recorder records on microfilm and/or photo­
recording paper, digital information received from high speed computers
via tIt magnetic tape. The information is displayed on the face of a
special cathode ray tube known as a Charactron shaped-beam tube.

It is capable of accepting binary codes which it converts into
combinations of alphanumeric printing, curve plots, and line drawings
at speeds up to 17,000 alphanumeric characters per second or 7,000
printed lines per minute when used in the typewriter mode.

The SC 4020 records information on microfilm in a manner which
provides compatibility with existing film storage retrieval systems.
The microfilm camera employed for this purpose can be either a 16 mm or
35 mm camera which can be interchanged by the operator.

High Speed Plotter

This mode of operation allows any of the 64 alphanumeric characters
to be plotted at any point on a 1024 by 1024 position matrix.

Vector Generator

This feature allows the SC 4020 to draw a line from any addressable
origin for a specified length and direction. The origin, length, and
direction of the vector is specified by the received word.

Variable Length Axis Generator

This feature permits the SC 4020 to draw X and Y axes. The
START POINT as well as the STOP POINT of drawn axes is determined by
program control. Variable length axes are useful when it is desired
to create grids, co-ordinates, etc., of various lengths.

Typewriter Mode

This'mode allows the SC 4020 to interpret the incoming word as six
printable alphanumeric characters and to print each character one a~ a
time in a typewriter fashion. Standard TYPewriter Mode operation allows
up to 128 characters per line and up to 64 lines per frame.

Form Projector

This feature allows the SC 4020 to super-impose fixed data on the
variable data generated by the Charactron shaped beam tube. The fixed
data are produced on a glass slide and can take the shape of a business
form, map, drawing format, etc. The strobe light is flashed under
program control.
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Rotatable Tube Mount

This facility permits the manual rotation and accurate indexing of
the tube at 00, 90°, 180° and 270°.

~ direction of film travel

[J 0 IABeD I G:J
Cin~ Inverted Comic Inverted

Cin~ strip Comic Strip

SEecified ImaeieSize Generator

This feature allows the programmer to select one of two predetermined
format sizes. The NOR}{AL IMAGE size is for recording separated frames,
whereas the EXPANDED IMAGE size is to allow the abutment of frames on
microfilm in order to obtain presentations having continuity from frame
to frame. The actual size of plotted characters remains constant,
however, whilnt the vectors and axes expand.

Frame Repeat

Permits a maximum of 31 repeats of a frame group and is useful for
cin~ work.

The followineiinformation is given for completeness only

Data Processing Modes

(a) Normal Mode

Data received in odd parity binary code is processed in this
mode. From the beginning of each block, the characters are
assembled in sequence to form six-character SC 4020 control words
for plotting or printing in the T,ypewriterMode.

(b) Print Mode

This mode is automatically selected for even parity BCD records.
In the 64th line of a page the SC 4020 executes an "automatic" advance
to the next frame upon executing a carriage return and commences the
new frame at X=O, Y=O.

(1) Print Normal Mode

If this mode is selected the first character of each
record is interpreted as being a control code and is translated
as follows:-

blank

o
print after single line space

print after double line space
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1

Any other
character

print starting at the top of a new page

no effect other than character is lost

The second character of each record is printed in the Tirst
position of the line and up to 132 characters per line can
be print-ed.

(2) Print List Mode

If this mode is selected the first data character of
each record is printed in the first character position of
the line. Up to 128 characters per line can be printed
in this mode.
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THE SC4020 SOFTWARE

There are at the moment two software systems, both of which employ
some basic Atlas code, and to re-code them for use on computers other
than Atlas would involve a little effort. It ~ould probably be worth­
while for installations having ~" magnetic tape capability (7-track at
556 b.p.i.) but not otherwise.

The HARTRAN Subroutine System (~25 Atlas blocks, where 1 block = 512
instructions)

Out of 79 routines, 22 are in basic code (ASP). This system includes
a high level FORTRAN subroutine for ease of producing graphs, obtained
from A.W.R.E. Aldermaston.

The ALGOL Procedures

At the present time these are as specified in The Atlas ALGOL System
Manual, Atlas Computer Laboratory, July 1967, for the Benson-Lehner Model J.
The differences in the output between the SC4020 and the B-L J are noted
in SECTION IV on pages 65 and 66.

It is planned to extend these facilities in the very near future to
make full use of the SC4020 features, and to provide a high level procedure
to simplify the production of graphs.

E.M.A., A.A. and other languages

Information for plotting if generated according to the specification
contained in the Graph Plotter Manual, Atlas Computer Laboratory, and
SECTION IV of this manual, will enable these languages to have access to
the SC4020. Unlike HARTRAN and ALGOL, a second pass is necessary and
consequently the information must be recorded on .Ampex1" magnetic tape
dur-Lng the first stage.

TrlEJOB DESCRIPTION

The f'ollowingmust be included f'orsuccessful execution:­

HARTRAN programs

i) Subroutine System
OUTPUT 12 .ANY200 LINES
OUTPUT 13 .ANY200 LINES
TAPE 99 FORTRANLIB*INHIBIT
TAPE IBM 14 COMMON/SC/USER 'S NAME .ANDADDRESS
COMPILER HARTRAN
*SC4020.
*LIBRARY 99,610 ~
*UNLOAD 99 ~
'!rENTER

When the discs become available on Atlas, the following three
statements in the above may be unnecessary as far as using the SC4020
is concerned:-

T~qpE99 FORTRANLIB*INHIBIT
*1IBRARY 99,610 ~
*UNLOAD 99 $
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ii) Extended B-L J System

OUTPUT 12 PJfY200 LmES
OUTPUT 13 .ANY200 LINES
TAPE IBM 14 COMMON/SC/USER 's NAME AND ADDRESS
COMPILER HARTRAN

ALGOL program

OUTPUT 12 ANY 200 LINES
OUTPUT 13 PJfY200 LINES
TAPE 99 ALGOLIB*PROTECT
TAPE IBM 14 COMMON/SC/USER'S NAME AND ADDRESS
COMPILER ALGOL

e.g. INPUT INTERNAL ICT WITH ICT I/O PROCEDURES;
beGin library ICT 21; ••••.••••.•••••• ~;

ALL OTHER LANGUAGES

Gr8,phicalini'ormationis recorded on a 1" Ampex private output tape
during the first pass. A suggested format is that of the Extended B-1 J
System since this will simplify the program required for the second pass.

OUTPUT STREAMS 12 AND 13

In addition to diagnostics, the number of frames of hardcopy and
microfilm, and lines of inf'ormationwill also be shown.

One frame each of hardcopy and microfilm will be produced for
identification and added to the totals. If no other frames are recorded,
the user will normally just receive 0/8 13. Output stream 12 Will be
retained by the operator for pecord purposes in every case.

Benson-Lehner Model J Users

Programs using HARTRAN or ALGOL will automatically, upon due
notification to the users, produce equivalent graphs on the SC4020 with
the limitations as noted in SECTION IV on page 65.

Those wishing to continue using the B-L J should obtain a copy of the
original graph processing routine from Mr. P. Nelson (Telephone: Abingdon
1900, Ext. 406).

The Microfilm Camera

In addition to the camera using photo-recording paper there will be
a 16 mm cin~ camera. It is hoped that a 35 mm camera will also become
available later, although slides can be made by the user from the results
produced on the photo-recording paper.

Re-runs

It will normally be possible to have a job processed again if the
Laboratory is informed within five days of the program being run on
Atlas ('~hone Ext. 6640). For longer delays, the customer should use a
private 2" magnetic tape with its title replacing COMMON/SC/ in the Job
Description.

Error Mark

This is a. f,0lid+lr-c Le which the SC4020 places in the margin of the
output when for-c ed to proceed past an error condition (e.g. magnetic tape
parities)•
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DIAGRAMMATIC VIEN OF THE SC 4020
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1. TAPE TRANSPORT

Six channel digital tapes are read at 200, 556 or 800 bits per inch.
Compatible tape units incl ~e the IBM 729 II, IV, V, VI and 7330 plus
UNIVAC rrrc, Collins, and others. The Laboratory wi.Ll use an IBM 729IVat556 bpi.

2. TAPE .ADAPTER

Accepts data from tape up to 90,000 characters per second.
Assembles six-bit information from tape and arranges it into 36-bit words.

3. CHARACTRClNSHAPED BEAM TUBE

Displays the alphanumerics, curves, axes and vectors for recording
purposes.

4. FORMS PROJECTOR

By tape control, fixed format from the forms projector can be
superimposed on microfilm and photo-recording paper.

5. MICROFILM CAMERA

Records combined information from tube face and forms projector onto
16 mm or 35 mm film for archive storage, reproduction or group viewing.

6. HARD COpy RECORDER (F80)

Records combined information from the CSBT and forms projector
simultaneously with the microfilm camera. The photo-recording paper
must be processed (developed) before viewing. The processed copy may
be reproduced ror multiple copies.
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SECTION II

SC4020 SUBROUTINES

FOR USE WITH HARTRAN
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Introduction

The routines included in this section are provided in order to
make using the SC4020 as simple as possible.

They divide into basic routines and a high level routine known as
SCFOR.

The basic routines are further divided into five main categories,
with the fifth receiving only a brief mention here, as it is dealt
with in detail in SECTION III.

Basic routines

19

1)

2)

3)

4)

III~)

Plotting Mode

17 Control Mode

21 Typing Mode

25 Line Printer Simulator Mode facility

27
(Also SECTION

Software Character routines

29 Summ~ of Subroutines

33 Alphabetic - Ordered Index of Subroutine Names

35

36

High level routine SCFOR

List of Options

- 15 -



BASIC SUBROUTlNES FOR THE SC4020 MICROFILM RECORDER

The SC4020 plots on a grid of 1024 horizontal by 1024 vertical
points. The origin is in the upper left corner, with X and Y increasing
to the right and downward as shown.

X0,0,..----....::::...----.1023,0

Y

1023,10230,1023

There are, therefore, over one million addressable positions. The centre
of any character may be plotted at any of these positions. However,
each character can occupy an amount of space that varies from a square
of 3 horizontal by 3 vertical points used by a plotting dot, to a
rectangle of 8 horizontal by 16 vertical points used by all characters
in the typewriter mode.

Subroutines for use in Control Operations

1) CALL IDST Must be called before all other SC4020 routines
with the exception of CAM35. Provides identifi­
cation, Atlas time and date, plus a test frame
for accuracy of alignment. Heavy density of
recording is set; the camera using the photo­
recording paper ('hardcopy') is selected and
advanced to a new frame, and the typing position
is placed at X = 0, Y = D.

2) CALL IDEND Must be called at the end of plotting. Gives
identification, Atlas time and date on a new
frame, together with a frame and line-count on
Output Stream 13.

3) CALL ADVFLM (I) The eelected camera(s) are advanced by one frame.
I = 1, 2, & 3, respectively, causes the graph
to be photographed on microfilm only, hardcopy
only, or on both microfilm and hardcopy.

A frame count is placed on each frame, leaving
the typing position at X = 80, Y = o.

4) CALL ADVAN Advances the previously selected camera(s) one
frame. It does not give a frame count, and
sets up the typi~position to X = 0, Y = 0.
Subroutine SELECT(I) must be used prior to
CALL ADVAN. By means of these two routines it
is possible, for example, to build up a composite
picture of several different graphs on one
camera, whilst at the same time putting them out
separately on the other.

5) CALL ADVREP(I,N) I = 1, 2 & 3, respectively, selects the micro­
film camera only, the hardcopy camera only, or
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6) CALL CAM35

7) CALL ENDFME or
CALL FINISH

8) CALL EXPAND

9) CALL PROJFM

10) CALL REDUCE

11) G.AIJL RESET

12) CALL REVERS

13) CALL ROTATE(N)

. 14) CALL SAVEA

15) CALL SAVEB

16) CALL USEIT

17) CALL SELECT(I)

18) CALL STPTYP

19) CALL SYSSET

20) CALL MOVETP(X,Y)

both cameras, and repeats the information from
this point back to the previous cal.L of ADVREP,
N times.

To be called at the start of a job before IDST
if th 35 mm camera is required. This gives a
message to the SC4020 operator that the 35 mm
camera is to be mounted in place of the normal
16 mm cin~ camera.

Writes the buffer holding SC4020 commands to
the magnetic tape, and should be called before
changing to the Line Printer Simulator mode
(see page 25).

The image is expanded and causes successive
frames on the 35 mm camera only to abutt there­
after.

Information on the form slide is superimposed
on the current frame only, along with the data
displayed on the tube.

The image is reduced and remains SO until
EXPAND is called.

Performs the funationg of ADVANCEF~ on tn~
currently selected camera(s), STOP TYPE and
EXPOSE HEAVY. No frame count is given and the
typing position is set to X = 0, Y = O.

This reverses the software characters currently
in use.

Causes all the software characters currently
in use to be rotated through N71:/2 clockwise.

Signals the commencement of a save sequence for
any following SC4020 subroutine calls.
(SEe'rIONIII, p.57).

Ends the save sequence initiated by CALL SAVEA.

Re-Outputs the information that was originally
output by the SC4020 subroutine calls sandwiched
between CALL SAVEA and SAVEB.

Selects (i.e. opens the shutter on) either the
microfilm camera, hardcopy camera or both, with
I = 1,2& 3, respectively.

Stops the typewriter mode. Must be used immedi­
ately after a call of TSP or TCP.

Re-establishes the standard software character
set with normal orientation.

Moves the typing position to the X and Y
deflection specified.

- 13 -



Subroutines for use in Recording Operations

Plotting Mode

1)
b
a) CALL PLOT (X,CC,Y)
) CALL EXPHVY (X,CC,Y)

c) CALL EXPLGT (X,CC,Y)

These three subroutines are similar
in that they plot the character (~CC)
at the point specified by the X and Y
deflections. The PLOT routine,
however, operates in the density mode
to which the SC4020 has been set,
whilst EXPHVY and EXPLGT set the
machine to heavy or light density
respectively before plotting the
point. The heavy density can only
be changed by calling EXPLGT and
vice-versa.

The character code is the decimal equivalent of the octal BCD code
and a complete table is now given:

Decimal Decimal Decimal
Character Value Character Value Character Value

of CC of CC of CC

Zero 0 E 21 Plotting Dot 42
1 1 F 22 S 43
2 2 G 23 ,,~ 44
3 3 H 24 y 4-5
4 4 I 25 ~ 46
5 5 7t 26 d 47
b b Full stop 27 Blank 4-8

7 7 ) 28 / 49
8 8 i3 29 s 50
9 9 ± 30 T 51
a 10 ? 31 U 52
= 11 - 32 V 53
" 12 J 33 w 54, 13 K 34 x 55
5 14 L 35 y 56
a. 15 M 36 z 57

16 N 37
0 58+

A 17 0 38 , 59
B 18 P 39 ( 60
c 19 Q 40 f 61
D 20 R 41 L; 62

0 63

2) CALL SIPLOT(X,CC,Y,N) Will plot the character, CC, at the point
specified by the X and Y deflections in
the currently selected density, N times.
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3) CALL PLOTSC(X, N ,Y,FACTOR)

4) CALL VECTOR(XS,YS,XF,YF)

5) CALL GXAXIS(X,Y)

6) CALL GYAXIS(X,Y)

e.g. CALL GXAXIS(100,700)
CALL GYAXIS(100,700)

7) CALL XAXSTP(X,Y,XSTOP)

Will draw the sof'twarecharacter (.N)
at the point specified by the X and Y
deflection, with size governed by
FACTOR. (Please refer to SECTION III
for more details).

A vector (or straight line) is drawn
from the point (XS,YS) to (XF,YF).(see page 33)

An axis parallel with the X-axis is
generated. It starts at the X and Y
deflections specified and continues to
the right edge of the grid. The minimum
length is 1/16th of the full scale (or
64 plotting points). All axes subroutines
have software protection for this
condition built-in, thereby forcing an
axis to start not less than 64 units
from the edge.

An axis parallel with the Y axis,
originating at the X and Y deflections
given and continuing to the top edge of
the grid, is generated. The minimum
length is 64 points.

O,O~~ __~Xe- ,
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An axis parallel with the X axis is
generated. It starts at the X and Y
deflections specified and continues to
the XSTOP point. The minimum length
is 1/16th of full scale i.e. XSTOP> x+63

8) CALL YAXSTP(X,Y,YSTOP) An axis para~lel with the Yaxis, origin­
ating at the X and Y deflections given
and continuing to the YSTOP point, is
generated. The minimum length is 64
points i.e. YSTOP < Y-63.

0,0
e.g. CALL XAXSTP(100,700,300)

CALL YAXSTP(100,700,300)

(100,700)

L
(100,700)


